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Purpose: To determine associations of accelerometer-determined time and bouts of sedentary behavior, light physical activity (LPA), and moder-
ate-to-vigorous PA (MVPA) with sarcopenia and incident falls over 12 months.
Methods: A total of 3334 Swedish 70-year-olds were assessed for sarcopenia, as defined by the revised definition of the European Working
Group on Sarcopenia in Older People. Assessments were based on low scores for appendicular lean mass (dual-energy x-ray absorptiometry),
hand grip strength, and the Timed Up and Go test. For 7 days after baseline, total time and total number of bouts (10 min of continuous activity
at a given intensity) of activity performed at sedentary, LPA, and MVPA intensities were assessed by accelerometer. Incident falls were self-
reported 6 and 12 months after baseline.
Results: Only 2% of participants had probable or confirmed sarcopenia. After multivariable adjustment for other levels of activity, only greater
MVPA time was associated with a decreased likelihood of having low appendicular lean mass, low hand grip strength, and slow Timed Up and
Go time as defined by the European Working Group on Sarcopenia in Older People criteria (all p < 0.05), and only MVPA time was associated
with lower likelihood of probable or confirmed sarcopenia (odds ratio: 0.80; 95% confidence interval: 0.710.91 h/week). Similar associations
were identified for total number of bouts, with no evidence of threshold effects for longer duration of bouts of MVPA. A total of 14% of partici-
pants reported 1 fall, but neither total time nor bouts of activity was associated with incident falls (all p > 0.05).
Conclusion: Higher amounts of accelerometer-determined MVPA are consistently associated with a decreased likelihood of sarcopenia and its
components, regardless of the length of bouts or amounts of sedentary behavior.
2095-2546/ 2020 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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11. Introduction
Sarcopenia, a muscle disease arising from adverse muscle
changes accruing across the lifetime, recently received an
updated operational definition from the European WorkingPeer review under responsibility of Shanghai University of Sport.
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revised EWGSOP definition (EWGSOP2) differs from the
original one (EWGSOP1) in terms of suggested measure-
ments, cut-off points, and case-finding algorithms. In EWG-
SOP2, physical performance assessments are used only to
assess the severity of sarcopenia. This is in contrast to EWG-
SOP1, where physical performance was a primary component
of sarcopenia, and to the definition given by the US Founda-
tion for the National Institutes of Health, where physicalis an open access article under the CC BY-NC-ND license.
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2 D. Scott et al.performance is considered an outcome of sarcopenia.2 These
different approaches may partly explain controversial findings
in terms of the relationships between sarcopenia and falls in
older adults.3 Nonetheless, we recently reported that older
adults with sarcopenia, as defined by the EWGSOP2, are more
than twice as likely to experience falls over 12 months com-
pared with those without sarcopenia.4
Current World Health Organization physical activity (PA)
guidelines recommend that adults 65 years and older complete
150 min/week of moderate PA, 75 min/week of vigorous PA,
or an equivalent amount of combined moderate-to-vigorous
PA (MVPA), with aerobic activities performed in bouts (con-
tinuous activity performed above the MVPA threshold)5 of
10 min.6 Accelerometers are a useful tool for objectively
estimating total duration and total bouts of sedentary behavior,
light PA (LPA), and MVPA. We previously reported that total
amount and intensity of accelerometer-determined PA is posi-
tively associated with lean mass and muscle strength in older
adults, whereas sedentary behavior demonstrates inconsistent
associations.7 Despite concerns that greater amounts of MVPA
may expose older adults to an increased risk of falls, older
women with low accelerometer-determined MVPA demon-
strate increased falls rates.8 It is unclear whether the length
of bouts of different activity intensities influences their
associations with sarcopenia and falls, so determining
whether a threshold effect exists is important for public
health messaging.
Exercise, particularly resistance training, is recommended
as the primary treatment strategy for sarcopenia,9 and func-
tional activities and balance training seem to be key for the
prevention of falls.10 While strength training is recommended
in current PA guidelines, they focus primarily on general PA
rather than targeted exercise.11 It is therefore important to
understand associations of general PA with sarcopenia and
falls. The aim of this study was to determine associations of
accelerometer-determined total duration and number of bouts
of sedentary behavior, LPA, and MVPA with EWGSOP2-
defined sarcopenia and its components, as well as their associ-
ations with incidence of falls over 12 months.
2. Materials and methods
2.1. Study design and participants
The Healthy Ageing Initiative is an ongoing observational
study of 70-year-old adults residing in the Umea

municipality
in northern Sweden. The primary objectives of the Healthy
Ageing Initiative are to investigate traditional and novel risk
factors for cardiovascular disease and injurious falls and frac-
tures in 70-year-old men and women. Only 2 eligibility criteria
apply: specifically, that the individual is residing in the Umea

municipal area and is 70 years of age at the time of testing.
Potentially eligible individuals were sent written information
about the study, with contact information drawn from popula-
tion registers. Individuals either accepted or declined to partic-
ipate during a follow-up phone call. The study participation
rate was 69.5%. The Healthy Ageing Initiative was approved
by the Umea

University Research Ethics Committee andPlease cite this article as: David Scott et al., Associations of accelerometer-determined physic
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of Helsinki. All participants provided written informed con-
sent. The current analysis included the first 3334 participants
with complete data for demographics, components of sarcope-
nia, and accelerometer-determined PA.
2.2. Baseline clinic appointment
Participants attended a hospital near Umea

University for a
baseline clinic appointment, where they completed assess-
ments (detailed elsewhere in this article) and also had fasting
blood tests from which plasma glucose was analyzed. Height
and weight were assessed by stadiometer (Holtain Limited,
Crymych, Dyfed, UK) and scales (Avery Berkel HL 120,
Smethwick, West Midlands, UK), respectively, and body mass
index (BMI; kg/m2) was calculated. Participants also com-
pleted a questionnaire that assessed demographics, lifestyle,
and medical history. A Lunar iDXA (GE Healthcare Lunar,
Madison, WI, USA) whole body scan was performed to assess
soft-tissue composition (total fat mass and appendicular lean
mass (ALM)). Hand grip strength (HGS) was assessed using
an isokinetic hand dynamometer (Jamar; Patterson Medical,
Warrenville, IL, USA). Research nurses instructed the partici-
pant to hold the hand dynamometer in their nondominant
hand, maintain a 90˚ angle at the elbow joint, and keep the
elbow in close proximity to the waist. The research nurses fur-
ther instructed the participant to, on command, start squeezing
the hand dynamometer as forcefully as possible. The best of 2
attempts was subsequently recorded. The Timed Up and Go
(TUG) test12 was performed once to assess physical perfor-
mance; participants were asked to rise unaided from an arm-
chair and walk forward 3 m, then to turn around and return to
a seated position in the chair. Research nurses provided
instructions and a demonstration of the task, and measured
TUG time using a stopwatch.
2.3. Accelerometer-determined PA
Participants wore a triaxial accelerometer (GT3X+; Acti-
graph, Pensacola, FL, USA) for 7 days after the clinic appoint-
ment as described previously.13 Participants were instructed to
wear the accelerometer on their nondominant hip and to
remove it only when showering, swimming, or in bed at night.
To obtain representative accelerometer measurements, partici-
pants were also instructed to be normally active in accordance
with their current lifestyle. Participants who did not provide
4 days (including 10 h/day) of valid measurements had
accelerometer data excluded (approximately 10% of partici-
pants were excluded due to nonvalid wear time).14 Accelerom-
eter data were collected at a frequency of 30 Hz, and data were
transformed into counts of movement with an activity thresh-
old of 100 counts per min (cpm). Collected data were down-
loaded using ActiLife software (Version 6.11.2; Actigraph,
Pensacola, FL, USA) in epoch lengths of 60 s, with subsequent
wear time validation performed. Periods of 60 min with 0
activity were marked as nonwear time. Sedentary behavior
was classified as 199 cpm, LPA was classified as 1001951
cpm, and MVPA was classified as 1952 cpm, as proposed byal activity and sedentary behavior with sarcopenia and incident falls over 12 months in
/doi.org/10.1016/j.jshs.2020.01.006
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ate-intensity and vigorous-intensity PA; these PA intensities
were combined due to low amounts of vigorous-intensity
activity in this cohort.16 Total time (h/week) was calculated
for each activity threshold, as well as the total number of bouts
(instances of continuous activity within the respective activity
threshold for each of sedentary behavior, LPA, and MVPA)
performed for each of the following durations: 1019, 2029,
3039, 4049, 5059, and 60 min.
2.4. Definition of sarcopenia
The EWGSOP’s revised definition (EWGSOP2) catego-
rizes probable sarcopenia as low muscle strength only, con-
firmed sarcopenia as low muscle strength and low muscle
mass, and severe sarcopenia as low muscle strength, low mus-
cle mass, and poor physical performance.1 The authors
recently acknowledged a reporting error with the published
cut-point for ALM normalized to height.17 Due to this confu-
sion, absolute ALM was used as the measure of low muscle
mass in this study. Hence, low muscle strength was defined as
an HGS of <27 kg (men) or <16 kg (women), low muscle
mass as an ALM of <20.0 kg (men) or <15.0 kg (women),
and low physical performance criteria as a TUG time of
20 s.1 Due to the fact that there were low numbers of proba-
ble and confirmed sarcopenia, and no participants with severe
sarcopenia, in this cohort, participants were classified as hav-
ing either no sarcopenia or probable or confirmed sarcopenia
for the purposes of the present analysis.
2.5. Incident falls over 12 months
At 6 and 12 months after the baseline clinical appointment,
participants were contacted by a research nurse by telephone
to determine incident falls since the appointment.18 Partici-
pants were asked whether they experienced any falls that were
low energy (i.e., falls from standing height), where they had
unexpectedly come to rest on the ground (rather than any
lower level) by himself or herself. Individuals who reported
1 falls over 12 months were classified as fallers, and individ-
uals who reported 2 falls were additionally classified as mul-
tiple fallers.19
2.6. Statistical analyses
All statistical analyses were performed using SPSS (Ver-
sion 25.0; IBM Corp., Armonk, NY, USA). Data were initially
checked for normality, and nonparametric tests were used
where appropriate. Descriptive data were presented as mean §
SD or median (interquartile range) for continuous variables or
frequencies for categorical variables. Differences in participant
characteristics according to sarcopenia status (no sarcopenia
vs. probable or confirmed sarcopenia) were determined using
independent samples t tests or Mann-Whitney U tests (continu-
ous variables), and x2 tests (categorical variables).
Multivariable binary logistic regression models were
used to determine odds for sarcopenia and its components,
and 12-month incident falls, per 1-h increase in sedentary,Please cite this article as: David Scott et al., Associations of accelerometer-determined physi
community-dwelling Swedish older adults, Journal of Sport and Health Science (2020), https:/LPA, and MVPA. An initial model was adjusted for sex,
BMI, and smoking status, and a subsequent model was fur-
ther adjusted for other activity variables (e.g., sedentary
behavior was adjusted for LPA and MVPA). Additionally,
given that sedentary behavior, LPA, and MVPA may have
U-shaped associations with incident falls and multiple falls,
these outcomes were compared across quartiles of seden-
tary behavior, LPA, and MVPA using x2 tests and multi-
variable binary logistic regression analyses.
Independent samples t tests were used to compare means for
total number of bouts per week at each duration for sedentary
behavior, LPA, and MVPA between participants without sarco-
penia and those with probable or confirmed sarcopenia. Multi-
variable binary logistic regression analyses were then
performed to determine likelihood of sarcopenia and falls for
each additional bout per week of sedentary behavior, LPA, and
MVPA lasting for durations of 1019, 2029, 3039, 4049,
5059, and 60 min. These analyses were adjusted for sex,
BMI, smoking status, and number of bouts of the same duration
for other activity variables (i.e., sedentary bouts lasting
1019 min were adjusted for LPA bouts lasting 1019 min
and MVPA bouts lasting 1019 min).
Finally, multivariable linear regression models explored the
associations of total time and number of bouts of sedentary
behavior, LPA, and MVPA with components of sarcopenia
(continuous variables). These analyses were adjusted for sex,
BMI, and smoking status, as well as for total accelerometer
wear time (total time analyses) or number of bouts of the same
duration for other activity levels (bout analyses). For all analy-
ses, collinearity diagnostics, including variance inflation
factors and tolerance values, were used to check for multicolli-
nearity. Values of p < 0.05 were considered statistically sig-
nificant.3. Results
Of 3633 participants initially recruited for this study, 3334
(50.6% women) had complete anthropometric, accelerometer,
and physical function data. Table 1 presents characteristics for
participants classified as nonsarcopenic (98.2%), compared
with probable (0.8%) or confirmed sarcopenic (1.0%). No par-
ticipant met the criteria for severe sarcopenia. There were no
differences in the proportion of men and women for the sarco-
penic and nonsarcopenic groups, but sarcopenic participants
were significantly more likely to be smokers. Sarcopenic par-
ticipants tended to have lower BMI, but higher total body fat
percentage, although these differences did not achieve statisti-
cal significance. As expected, sarcopenic participants had sig-
nificantly lower ALM and HGS, and higher TUG time, than
nonsarcopenic participants. There were no differences between
groups for the total time spent wearing accelerometers, seden-
tary behavior, or LPA. However, the mean time spent in
MVPA was significantly lower in the sarcopenic group com-
pared to the nonsarcopenic group.
Table 2 reports the odds ratios for sarcopenia and its com-
ponents according to time (h) spent in sedentary behavior,
LPA, or MVPA. After adjustment for sex, BMI and smokingcal activity and sedentary behavior with sarcopenia and incident falls over 12 months in
/doi.org/10.1016/j.jshs.2020.01.006
Table 1








Age (year) 70.01 § 0.10 70.02 § 0.13 0.390
Women (%)b 50.5 57.4 0.285
Current smoker (%)b 5.8 16.4 <0.001
Diabetes (%)b 8.1 10.0 0.599
Stroke (%)b 3.4 5.0 0.494
Fasting glucose (mmol/L) 5.50 (5.00, 6.00) 4.95 (5.30, 5.90) 0.298a
BMI (kg/m2) 26.4 § 4.1 25.4 § 4.6 0.050
Total fat mass (%) 36.6 § 7.9 38.6 § 7.8 0.053
ALM (kg) 21.0 § 4.7 17.6 § 3.8 <0.001
Hand grip strength (kg) 34.7 § 10.6 16.5 § 5.8 <0.001
Timed Up and Go (s) 9.9 § 2.3 11.5 § 3.8 0.002
Total accelerometer
wear time (h)
91.8 § 17.7 89.4 § 19.4 0.301
Total sedentary behavior (h) 58.7 § 12.8 59.5 § 15.3 0.657
Total LPA time (h) 29.3 § 9.5 27.5 § 10.3 0.151
Total MVPA time (h) 3.7 § 3.0 2.4 § 2.5 0.001
Notes: Bold values are significant. All data are mean § SD (independent sam-
ples t tests), except amedian (interquartile range) (Mann-Whitney U-tests) and
bproportions (x2 tests).
Abbreviations: ALM= appendicular lean mass; BMI = body mass index;
MVPA=moderate-to-vigorous physical activity; LPA = light physical activity.
Table 2
Odds ratios (95% confidence interval) for sarcopenia and its components per
1-h increase in sedentary behavior, LPA, and MVPA.
Sedentary LPA MVPA
Low ALM
Model 1 0.99 (0.980.99) 0.98 (0.970.99) 0.88 (0.840.92)
Model 2 0.99 (0.981.00) 0.98 (0.970.99) 0.89 (0.850.93)
Low HGS
Model 1 1.00 (0.981.02) 0.98 (0.951.01) 0.79 (0.700.90)
Model 2 1.00 (0.981.02) 0.99 (0.961.02) 0.80 (0.710.91)
High TUG
Model 1 1.03 (0.991.06) 0.87 (0.810.93) 0.22 (0.100.48)
Model 2 1.04 (1.011.08) 0.88 (0.810.96) 0.34 (0.170.69)
Probable or confirmed sarcopenic
Model 1 1.00 (0.981.02) 0.98 (0.951.01) 0.79 (0.700.90)
Model 2 1.00 (0.981.02) 0.99 (0.961.02) 0.80 (0.710.91)
Notes: Bold values are significant. Model 1 is adjusted for sex, BMI, and
smoking status; Model 2 is adjusted for sex, BMI, smoking status, and time
spent (h) at other intensities (i.e., sedentary time adjusted for LPA and MVPA;
light PA adjusted for sedentary time and MVPA; MVPA adjusted for seden-
tary time and light PA). All analyses are binary logistic regression.
Abbreviations: ALM = appendicular lean mass; HGS = hand grip strength;
MVPA =moderate-to-vigorous physical activity; LPA = light physical activ-
ity; TUG = Timed Up and Go.
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was associated with a 1% reduced likelihood of having low
ALM, but this association was not significant after further
adjustment for LPA and MVPA (Model 2). Conversely, both
LPA and MVPA were associated with a reduced likelihood of
having low ALM after full adjustment (2% and 12% reduc-
tions 1 h/week increase, respectively). Only MVPA was asso-
ciated with HGS, with each 1 h/week increase in MVPAPlease cite this article as: David Scott et al., Associations of accelerometer-determined physic
community-dwelling Swedish older adults, Journal of Sport and Health Science (2020), https:/associated with a 20% reduced likelihood of having low HGS
after full adjustment. In the fully adjusted models, all intensi-
ties were associated with TUG; each 1 h/week increase in sed-
entary behavior was associated with a 4% increased likelihood
of a high TUG time, and each 1-h increase in LPA and MVPA
was associated with a 12% and 66% reduced likelihood of
high TUG time, respectively. However, only MVPA was asso-
ciated with probable or confirmed sarcopenia status. Each
1 h/week increase in MVPA was associated with a 20%
reduced likelihood for presence of sarcopenia in the fully
adjusted model.
At 12 months after the clinic appointment, a total of 2748
participants (75.6%) provided valid falls data, with 14% of
these participants reporting 1 fall and only 1% reporting mul-
tiple falls. After adjustment for sex, BMI, smoking, sarcopenia
status, and time spent at other intensities, time spent in seden-
tary behavior, LPA, and MVPA were not associated with like-
lihood of any incident fall, or multiple falls, over 12 months
(all p > 0.05). Incident falls were further compared over
quartiles of sedentary behavior, LPA, and MVPA. The x2
tests revealed that there were no differences in incidence
of any falls across quartiles of sedentary behavior, LPA, or
MVPA (all p > 0.05). There were also no differences in
incidence of multiple falls across quartiles of sedentary
behavior or LPA (p = 0.213 and p = 0.321, respectively).
The incidence of multiple falls was highest in the lowest
quartile of MVPA (Fig. 1), although not after adjustment
for confounders in multivariable binary logistic regression
analyses (p = 0.241).
For the entire cohort, the mean § SD numbers for MVPA
bouts of 1019, 2029, 3039, 4049, 5059, and 60 min
were 8.5 § 8.8, 3.4 § 4.4, 1.7 § 2.7, 1.0 § 1.8, 0.5 § 1.2, and
0.3 § 0.8 per week, respectively. The numbers of light activity
bouts of the same duration were 66.8 § 33.9, 14.2 § 11.8, 4.6
§ 5.2, 1.9 § 2.8, 0.9 § 1.7, and 0.4 § 1.0 per week, respec-
tively. Unsurprisingly, the numbers of sedentary bouts of these
durations were substantially greater: 186.2 § 45.1, 83.4 §
25.4, 43.2 § 16.1, 24.6 § 10.8, 14.2 § 7.5, and 7.7 § 4.9 per
week, respectively. The numbers of bouts of all durations for
MVPA were significantly higher in nonsarcopenic compared
with sarcopenic participants (Fig. 2): 1019 min (8.6 § 8.8
vs. 4.9 § 6.8 per week; p < 0.001), 2029 min (3.5 § 4.4 vs.
1.9 § 3.2 per week; p < 0.001), 3039 min (1.8 § 2.7 vs. 0.8
§ 1.6 per week; p < 0.001), 4049 min (1.0 § 1.8 vs. 0.4 §
0.9 per week; p < 0.001), 5059 min (0.5 § 1.3 vs. 0.2 § 0.5
per week; p < 0.001), and 60 min (0.3 § 0.8 vs. 0.1 § 0.3
per week; p < 0.001). There were no differences in the num-
bers of bouts of any duration for LPA or sedentary behavior
between nonsarcopenic and sarcopenic participants (all p >
0.05).
As demonstrated in Table 3, after adjustment for covariates,
including bouts of the same duration for sedentary behavior
and LPA, higher numbers of MVPA bouts per week of 1019,
2029, 3039, 4049, and 5059 min retained an associa-
tion with lower likelihood for probable or confirmed sarcope-
nia. Sedentary behavior and LPA bouts demonstrated no
association with sarcopenia after multivariable adjustment,al activity and sedentary behavior with sarcopenia and incident falls over 12 months in
/doi.org/10.1016/j.jshs.2020.01.006
Fig. 1. Proportions of multiple fallers within each quartile of MVPA. Value of p = 0.032 before adjustment. Quartile 1: 01.47 h/week; quartile 2: 1.483.12 h/week;
quartile 3: 3.135.27 h/week; and quartile 4: 5.2828.32 h/week. MVPA=moderate-to-vigorous physical activity.
Fig. 2. Total number of bouts of MVPA according to duration for nonsarcopenic and probable or confirmed sarcopenic participants. *p < 0.001, significant differ-
ence of mean number of bouts for each duration between non-sarcopenic and probable or confirmed sarcopenic (independent samples t tests). MVPA =moderate-
to-vigorous physical activity.
Table 3
Odds ratios (95% confidence interval) for sarcopenia and falls according to number of bouts of sedentary behavior, LPA, and MVPA of differing duration.
Number of bouts of duration
1019 min 2029 min 3039 min 4049 min 5059 min 60 min
Probable or confirmed sarcopenic
Sedentary 1.001 (0.9951.006) 1.000 (0.9901.011) 1.001 (0.9851.017) 1.008 (0.9861.031) 1.015 (0.9831.047) 1.025 (0.9771.075)
LPA 0.994 (0.9861.002) 0.983 (0.9591.009) 0.965 (0.9091.024) 0.950 (0.8511.062) 0.929 (0.7681.123) 0.917 (0.6751.244)
MVPA 0.924 (0.8820.967) 0.872 (0.7950.957) 0.781 (0.6590.925) 0.722 (0.5560.936) 0.655 (0.4320.993) 0.623 (0.3371.155)
Faller
Sedentary 1.000 (0.9971.002) 1.000 (0.9951.004) 0.997 (0.9891.005) 0.997 (0.9861.008) 0.998 (0.9831.014) 0.994 (0.9701.018)
LPA 1.001 (0.9971.004) 1.002 (0.9921.013) 0.992 (0.9681.016) 0.983 (0.9391.029) 1.001 (0.9321.075) 0.989 (0.8781.115)
MVPA 1.004 (0.9911.018) 1.002 (0.9751.013) 0.992 (0.9461.040) 0.984 (0.9151.029) 0.999 (0.9041.105) 0.972 (0.8321.135)
Notes: Bold values are significant. Adjusted for sex, BMI, smoking status, and number of bouts of same duration for other PA variables (i.e., sedentary bouts
1019 min adjusted for LPA 1019 min and MVPA 1019 min). All analyses are binary logistic regression.
Abbreviations: MVPA =moderate to vigorous physical activity; LPA = light physical activity.
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6 D. Scott et al.and bouts of all intensities were not associated with incident
falls.
Table 4 reports associations of sedentary behavior, LPA,
and MVPA time and bouts with continuous variables for the
components of sarcopenia. These multivariable linear regres-
sion analyses were adjusted for covariates, including total time
of accelerometer wear or bouts of the same duration for other
intensities. Sedentary behavior time and bouts were not associ-
ated with ALM or HGS, but were significantly positively asso-
ciated with TUG time, with the exception of 1019 min bouts.
LPA time and bouts were positively associated with ALM but
not HGS, and negatively associated with TUG time. MVPA
time and bouts were positively associated with both ALM and
HGS, but only for bouts up to and including 4049 min for
HGS. MVPA time and bouts were negatively associated with
TUG time. With the exception of MVPA and HGS, where
bouts of >50 min demonstrated nonsignificant associations
and also lower coefficients than bouts of shorter duration, there
did not seem to be threshold effects in the associations of















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































This population-based study of Swedish community-dwell-
ing 70-year-olds demonstrated that higher total amounts and
bouts of accelerometer-determined MVPA are consistently
and independently associated with a reduced likelihood of
probable or confirmed sarcopenia, but not 12-month incident
falls. There was generally no evidence of a threshold effect for
bouts of increasing duration in terms of their associations with
sarcopenia and its components.
To the best of our knowledge, this study is the first to report
associations of accelerometer-determined PA and sedentary
behavior with odds for sarcopenia according to the revised
EWGSOP2 definition.1 The primary differences between
EWGSOP2 and the original EWGSOP1 definition include the
recommended cut-off points for low muscle mass and strength,
as well as the conceptual stages of sarcopenia (EWGSOP1:
pre-sarcopenia, sarcopenia, and severe sarcopenia; EWG-
SOP2: probable sarcopenia, confirmed sarcopenia, and severe
sarcopenia).1,20 We combined probable and confirmed sarco-
penic participants due to the very low numbers of 70-year-olds
with EWGSOP2 sarcopenia in this cohort, which may reflect
the generally more conservative cut-off points of EWGSOP2
compared with EWGSOP1, potentially resulting in low
observed prevalence and limiting opportunities for early inter-
vention in community-dwelling older adults.4 Associations of
accelerometer-determined PA with each conceptual stage of
sarcopenia may be different than that observed for combined
sarcopenia stages. Indeed, Aggio et al.21 reported no associa-
tion between accelerometer-determined MVPA and EWG-
SOP1 sarcopenia in older men, but reported a significant
decrease in the risk of severe sarcopenia. Similarly, higher
MVPA was not associated with a lower likelihood of having
sarcopenia according to EWGSOP1 in the UK Hertfordshire
cohort study,22 but the Toledo Study of Healthy Aging demon-
strated a 48% reduction in likelihood of sarcopenia per 1 h/dayPlease cite this article as: David Scott et al., Associations of accelerometer-determined physical activity and sedentary behavior with sarcopenia and incident falls over 12 months in
community-dwelling Swedish older adults, Journal of Sport and Health Science (2020), https://doi.org/10.1016/j.jshs.2020.01.006
ARTICLE IN PRESS
Physical activity, sarcopenia, and falls 7increase in objectively determined MVPA, according to US
Foundation for the National Institutes of Health criteria (which
include more conservative cut-off points for muscle function
than EWGSOP1).23 Taken together with our own observation
of a consistent association between MVPA total time and bouts
with EWGSOP2 sarcopenia, it is possible that the benefits of
MVPA for preventing sarcopenia are most apparent for sarco-
penia definitions that use more conservative cut-off points.
Previous research has also demonstrated that accelerome-
ter-determined MVPA is associated with individual compo-
nents of sarcopenia. In Tasmanian older adults, accelerometer-
determined PA performed at light and moderate intensity was
positively associated with ALM, whereas sedentary behavior
had inconsistent associations with ALM.7 This finding is in
agreement with the findings of the present study, where total
time and bouts of LPA and MVPA, but not sedentary behavior,
were consistently positively associated with ALM. A study of
123 community-dwelling older Australians observed an asso-
ciation of longer sitting time with greater absolute lean mass
(1.2 kg per 1 h of sitting time, 95% confidence interval:
0.441.96; p < 0.01), but with significantly lower lean mass
percentage, suggesting that perhaps sedentary behavior is asso-
ciated more strongly with increases in total body mass rather
than muscle mass specifically.24
Foong et al.7 also observed that light, moderate, and vigor-
ous PA, but not sedentary behavior, were all positively associ-
ated with lower limb strength. In the present study, only
MVPA was positively associated with HGS, and this may
reflect differences in common activities undertaken at different
intensities; for example, MVPA may be more likely than LPA
to include exercise involving upper limb contractions, whereas
LPA may most commonly involve walking. In support of this
possibility, we observed that LPA (as well as MVPA) was
independently associated with better TUG time. TUG was the
only sarcopenia component for which sedentary behavior dem-
onstrated a significant association; greater amounts of seden-
tary behavior were associated with poorer TUG time
independent of LPA and MVPA. The Toledo Study of Healthy
Aging reported that only MVPA was associated with gait
speed,23 but a separate study found that greater sedentary
behavior is associated with slower TUG time in a cohort of
British 60-year-olds to 64-year-olds.25
The U.S. Physical Activity Guidelines Advisory Committee
recently published an umbrella review concluding that regular
PA delays loss of physical function and mobility and reduces
risk of fall-related injuries.26 Our results support the concept
that greater amounts of MVPA, for which the coefficients
were of substantially greater magnitude compared with LPA
and sedentary behavior, are associated with better physical
function (handgrip strength, TUG, and probable or confirmed
sarcopenia). It is unclear, however, why no associations were
observed with 12-month incident falls in multivariable models.
This finding may be related to the fact that injurious falls were
not assessed and/or the low overall incidence of falls observed.
Also, greater amounts of sedentary behavior, although likely
to deleteriously effect physical function and mobility, likely
protect against falls by reducing ambulation and thereforePlease cite this article as: David Scott et al., Associations of accelerometer-determined physi
community-dwelling Swedish older adults, Journal of Sport and Health Science (2020), https:/exposures that may cause falls. The incidence of multiple falls
was lowest in the quartile with the greatest sedentary behavior
(although this difference was nonsignificant) and was signifi-
cantly higher in the lowest quartile of MVPA in unadjusted,
but not adjusted, analyses. Similarly, in a study of women
aged 6399 years, those in the lowest accelerometer-deter-
mined MVPA quartile had 18% increased falls rates compared
with those in the highest quartile,8 although sensitivity analy-
ses demonstrated that the association was only present in
women with poorer physical function or with a history of 2
falls. Importantly, the findings of the previous study and our
own demonstrate that greater amounts of MVPA do not
increase risk for falls. Given the clear benefits of MVPA for
functional and other health outcomes, clinicians should have
confidence in recommending that older patients participate in
activities at higher intensities.
This study is the first we are aware of to examine
whether thresholds exist for associations of PA bouts of
increasing duration with sarcopenia and its components, as
well as incident falls. Current guidelines recommend accu-
mulation of PA in bouts of 10 min based on data for car-
diometabolic risk factors, but accumulation of more PA
bouts lasting 10 min is not beneficial beyond total vol-
ume of activity for reducing all-cause mortality in older
men.27 We observed similar associations for sarcopenia
and its components in the present study; significant associ-
ations between levels of activity and sarcopenia compo-
nents were consistently observed for both total time of
activity as well as number of bouts, suggesting that the pat-
tern in which activity is accumulated does not influence
these associations. Furthermore, there did not seem to be a
threshold at which the strength of association between
bouts of increasing duration with sarcopenia outcomes was
diminished. The only exception was the association
between MVPA and HGS, where the magnitude of the
coefficient decreased and became nonsignificant for bouts
of >49 min. It is possible that this finding is explained by
the low numbers of MVPA bouts recorded at longer dura-
tions, and so it is likely that increasing benefits are
obtained for lean mass and physical function with increas-
ing duration bouts of activity of 1 h.
The primary limitation of the present study is that the asso-
ciations among PA, sedentary behavior, and sarcopenia and its
components are cross-sectional. Although higher PA is likely
to contribute to improved muscle function, it is equally likely
that better muscle function enables participation in greater vol-
umes and intensities of PA.28 Falls were assessed prospec-
tively at 6 and 12 months, but only low-energy falls that
resulted in coming to rest at ground level were recorded, rather
than falls resulting in coming to rest at any lower level (i.e.,
partial falls not resulting in falling to the ground), as com-
monly defined in other studies.29 The accelerometer cut-points
for activity intensities used have been validated previously,15
but derived associations with sarcopenia and falls may not be
comparable with studies using different accelerometer devices
and cut-points.30 Finally, as discussed previously, there was a
low number of participants with sarcopenia as defined bycal activity and sedentary behavior with sarcopenia and incident falls over 12 months in
/doi.org/10.1016/j.jshs.2020.01.006
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that our results cannot be generalized to other older adult pop-
ulations.
5. Conclusion
The findings of this cohort study of Swedish older adults
suggest that clinicians should encourage older adults to partici-
pate in longer durations of weekly MVPA to reduce the risk for
developing sarcopenia, and that this type of activity can be per-
formed without exposing older adults to increased falls risks.
Further prospective studies are required to determine causality
in the relationship between MVPA and sarcopenia, and
whether benefits of MVPA persist over the long term.
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